Background The association between atherogenic dyslipidemia and stroke recurrence remains unclear, and may be influenced by different subtypes of ischemic stroke. Aims We aimed to investigate whether atherogenic dyslipidemia contributed to stroke recurrence in ischemic stroke patients and in those with certain subtypes of ischemic stroke. Methods We conducted a prospective hospital-based study enrolling patients with acute ischemic stroke. Atherogenic dyslipidemia was defined as high-density lipoprotein cholesterol <40 mg/dl and triglycerides ≥200 mg/dl. Ischemic stroke subtypes were classified according to the Trial of Org 10172 in Acute Stroke Treatment criteria. The patients were followed up at 3, 6, 12 and 24 months after stroke onset. The association between atherogenic dyslipidemia and stroke recurrence was analyzed by using multivariable Cox regression model. Results In the 510 ischemic stroke patients, 64 patients (12·5%) had atherogenic dyslipidemia, and 66 patients (12·9%) experienced stroke recurrence events within 24 months. Kaplan-Meier analysis revealed that stroke recurrence rate was significantly higher in patients with atherogenic dyslipidemia than those without in all the stroke patients (20·3% vs. 11·9%; P = 0·048), and more evident in those of large-artery atherosclerosis subtype (31·0% vs. 14·1%; P = 0·014), but not in the other subtypes. Multivariable Cox regression analysis revealed that atherogenic dyslipidemia was associated with higher stroke recurrence risk among stroke patients of large-artery atherosclerosis subtype (hazard ratio, 2·79; 95% confidence interval, 1·24-6·28), but not significant in all the stroke patients (hazard ratio, 1·69; 95% confidence interval, 0·85-3·37). Conclusions Atherogenic dyslipidemia is associated with higher risk of stroke recurrence in ischemic stroke patients. Such association might be more pronounced in large-artery atherosclerosis subtype and needs further investigation to establish such relationship.
Survivors of acute ischemic stroke (IS) are at high risk of stroke recurrence (1, 2) . Unfortunately, despite best medical treatment, there is still a high residual risk of cardiovascular diseases (3, 4) . Atherogenic dyslipidemia (AD), which is defined as low highdensity lipoprotein cholesterol (HDL-C) and high triglycerides, may be one explanation for the high residual risk of stroke (5) .
AD is common in patients with established cardiovascular disease, type 2 diabetes mellitus and metabolic syndrome (5) . Patients with AD presented a wide range of abnormalities, including increased plasma concentrations of remnants, denser LDL, more atherogenic HDL particles, and insulin resistant status (6) . Thus, AD may characterize stroke patients with higher stroke recurrence risk.
However, data on the association between AD and stroke recurrence in patients with stroke or transient ischemic attack (TIA) are limited (7, 8) . And IS is a heterogenous disease with variable pathogenesis (9) . AD therefore may not contribute to subsequent strokes in patients with different stroke subtypes equally. To our knowledge, there is no data on the influence of AD on stroke recurrence in patients with different subtypes of IS. Thus we carried out this prospective hospital-based study to explore the prevalence of AD and its contribution to stroke recurrence among a cohort of patients with acute IS.
Patients and methods
Patients included in this study were from the database of the Henan Province Stroke Registry which prospectively collected data on consecutive stroke patients within 14 days after stroke onset in the Department of Neurology of the First Affiliated Hospital of Zhengzhou University (Henan, China) and followed up for long periods (10) . This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University, and all patients or their designated relatives signed written informed consent. The present study involved patients enrolled in the registry between January 2010 and July 2011.
Baseline data collection
Baseline data of the patients were recorded in paper-based case report forms. Acute IS was diagnosed according to the World Health Organization Criteria (11) . The demographics included age, gender, body weight, height and body mass index (BMI). The stroke risk factors included history of stroke (defined as medical record confirmed history of ischemic, hemorrhagic stroke or subarachnoid hemorrhage), hypertension (defined as history of hypertension and newly diagnosed hypertension), diabetes mellitus (including history of diabetes mellitus and newly diagnosed diabetes), history of coronary heart disease (including myocardial infarction and angina pectoris), atrial fibrillation (confirmed by at least one electrocardiogram or present during hospitalization). The personal history mainly consisted of current or previous smoking, and moderate or heavy drinking (defined as ≥ two standard alcohol consumption per day). The severity of neurologic impairment was evaluated according to the National Institutes of Health Stroke Scale (NIHSS) within 24 hours after admission by trained research investigators through direct interview with the patient at bedside (12) . Stroke subtypes were classified according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria by two trained study neurologists. IS subtypes included large-artery atherosclerosis (LAA), cardioembolism (CE), small-artery occlusion (SAO), stroke of other determined causes (OC) and stroke of undetermined causes (UC) (13) . We combined the stroke of OC and UC types as 'other subtypes' group. Blood samples were collected in fasting conditions for evaluation of the lipid profiles, fasting plasma glucose (FPG) and other routine tests, the lipid profiles included total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C). Atherogenic dyslipidemia was defined as low HDL-C and high triglycerides in consistent with previous studies (6, 7, 14, 15) . The cutoff values were selected at HDL-C < 40 mg/dl (1·04 mmol/l) and triglyceride ≥200 mg/dl(2·26 mmol/l) in both men and women (16) .
Follow-up of stroke recurrence
At 3, 6, 12 and 24 months after stroke onset, all patients or their relatives were followed through telephone and asked whether the patients had new symptoms and experienced re-hospitalization with a diagnosis of ischemic or hemorrhagic stroke. A recurrent stroke was defined as a newly diagnosed stroke presenting as a new neurological deficit or a deterioration of the previous deficit (11) , not considered to be because of edema, hemorrhagic transformation, or concurrent illness. Hospitals that admitted patients with recurrent strokes were contacted to verify the diagnosis. Follow-up was performed by trained and qualified telephone interviews who were not involved in the registry and blinded to the baseline data.
Statistical analysis
For descriptive analysis, data were expressed as mean (±standard deviation) for normally distributed continuous variables and median (interquartile range) for non-normally distributed continuous variables, and counts (percentages) for categorical variables. Bivariate comparisons were conducted using the χ 2 test for categorical variables, and Student t test or Mann-Whitney test for normally distributed or non-normally distributed continuous variables. Kaplan-Meier analysis was used to compare the stroke recurrence rate between patients with and without atherogenic dyslipidemia. The association between atherogenic dyslipidemia and stroke recurrence was analyzed by multivariable Cox regression models by adjusting for confounders which were associated with AD in the bivariate comparisions and/or stroke recurrence in univariable Cox regression models (P < 0·1). Unadjusted and adjusted hazard ratios (HRs) and 95% confidence intervals (95% CIs) were calculated. Statistical tests were conducted, with a 2-tailed α-level of 0·05 considered significant. Data were analyzed using SPSS version 17·0 (SPSS Inc., Chicago, IL).
Results
A total of 566 patients with acute IS were consecutively registered. 551 patients had complete baseline information. Among them, 41 patients (7·4%) were lost to follow-up, leaving 510 patients for the final analysis. There was no significant difference of baseline clinical and laboratory characteristics between the patients with complete follow-up data (n = 510) and those lost to follow-up (n = 41) (Online-only Data Supplemental Table S1 ). In the 510 patients with follow-up data, the average age was 60·69 ± 13·90 years, and 319 cases (62·5%) were women. According to the TOAST classification, there were 234 cases (45·9%) with LAA, 192 cases (37·6%) with SAO, 23 cases (4·5%) with CE, 16 cases (3·1%) with other determined causes, and 45 cases (8·8%) of undetermined causes.
AD was observed in 64 patients (12·5%). Table 1 showed characteristics in patients with and without AD. Compared with patients without AD, patients with AD had significantly higher BMI (25·97 ± 3·35 vs. 24·43 ± 4·55; P = 0·012), TC (5·07 ± 1·21 vs. 4·64 ± 1·18; P = 0·006) and FPG (7·64 ± 3·13 vs. 6·13 ± 2·81; P < 0·001), and were more likely to have diabetes mellitus (40·6% vs. 22·2%, P = 0·001). The remaining baseline data did not differ between the two groups. The prevalence of AD did not differ between different TOAST subtypes of stroke (P = 0·754; Table 2 ).
During the 2-year-follow-up period, stroke recurrence events happened in 66 patients (12·9%). Kaplan-Meier analysis revealed that the stroke recurrence rate in patients with AD was significantly higher in all the stroke patients (20·3% vs. 11·9%; P = 0·048) and stroke patients of LAA subtype (31·0% vs. 14·1%; P = 0·014) ( Table 2 ; Fig. 1 ), insignificantly lower in the SAO subtype (4·3% vs. 10·1%; P = 0·393), and insignificantly higher in CE subtype (50·0% vs. 14·3%; P = 0·268) or other subtypes (consisting of other determined causes and undetermined causes) (20·0% vs. 7·8%; P = 0·198) ( Table 2 ). Unadjusted Cox proportional regression analysis showed that AD was borderlinely associated with higher stroke recurrence risk in all the stroke patients (HR, 1·82; 95% CI, 0·99-3·35; P = 0·052) and was significantly associated with an increased stroke recurrence risk among stroke patients of LAA subtype (HR, 2·47; 95% CI, 1·17-5·23; P = 0·018) ( Table 3) . Online-only Data Supplemental Table S2 displayed potential variables associated with stroke recurrence. After adjusting for age, hypertension, diabetes mellitus, NIHSS score at admission, BMI, and total cholesterol, the association was attenuated in all the stroke patients (HR, 1·69; 95% CI, 0·85-3·37; P = 0·135) but still significant in stroke patients of LAA subtype (HR, 2·79; 95% CI, 1·24-6·28; P = 0·013) ( Table 3 ; Fig. 2 ).
with AD had a significantly higher stroke recurrence risk than those without, and the association between AD and increased stroke recurrence risk appeared more pronounced among stroke patients of LAA subtype.
Our findings in the prevalence and clinical characteristics of AD were consistent with the previous studies (7, 8) . The prevalence of AD in SOS-TIA study was 11·1% among TIA patients with a cerebral ischemic lesion (7) , and a recently published post hoc study of two large clinical trials found that approximately 1 in 10 patients with TIA or stroke had AD (8) . We found that stroke patients with AD were more likely to have diabetes, higher BMI and FPG value, and this might be explained by insulin resistance, which was considered to play an important role in the pathogenic basis of atherogenic dyslipidemia (15) . Our data showed that stroke patients with AD had significantly increased stroke recurrence risk than those without AD. Some published studies have addressed the prognostic value of the individual components of AD in patients with cerebrovascular diseases (17, 18) . A post hoc analysis of the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trail found that in patients with recent stroke or TIA, lower baseline HDL-C predicted the risk of recurrent stroke, and high triglyceride level was associated with major cardiovascular event (18) . Fukuoka Stroke Registry study revealed low HDL-C level was an independent risk factor for a stroke recurrence within one year after onset (17) . To our knowledge, only two researches addressed the impact of AD on the stroke recurrence in patients with stroke or TIA. The deleterious role of AD in cerebrovascular diseases was first studied in the SOS-TIA study, which found that AD might be associated with intracranial artery stenosis and higher risk of early recurrent stroke among patients with TIA (7) . A recently published post hoc study of SPARCL and PERFORM (Prevention of Cerebrovascular and Cardiovascular Events of Ischemic Origin With Terutroban in Patients With a History of Ischemic Stroke or Transient Ischemic Attack) trail found that among subjects with stroke or TIA while receiving statin and otherwise best medical therapy, those with AD had a higher residual cardiovascular risk than those without AD (8) .
The most important finding of this study was that AD was independently associated with increased recurrent stroke risk among stroke patients of LAA subtype. The post hoc study of SPARCL trail showed the association between AD and major cardiovascular events in patients with IS or TIA became insignificant after multivariable adjustment (HR 1·24; 95% CI, 0·93-1·65), and in the study of PERFORM trial, the association was attenuated after multivariable adjustment (HR 1·23; 95% CI, 1·03-1·48). However, the analyses were not performed in the different stroke subtypes (8) . We hypothesize that AD may not equally contribute to subsequent stroke events among stroke patients of LAA and SAO subtypes equally. IS is a heterogeneous disease, the etiology of different TOAST subtypes varies (19) , and the pathogenesis of stroke recurrence also differs (20) . Kumral et al found a significant association between baseline dyslipidemia and stroke recurrence in the large-artery disease subtype, but not in the other stroke subtypes (21) . Mounting evidence support the strong association between lipid disorder and large artery atherosclerosis stroke (22) (23) (24) . Warfarin-Asprin Symptomatic Intracranial Disease (WASID) study revealed that lipid disorder has the most strongest association of the severity of the severity of intracranial large artery stenosis (23) . Bang OY et al found that elevated levels of serum triglycerides and non-high-density lipoprotein, but not lowdensity lipoprotein (LDL), were associated with large atherosclerotic stroke (22) . Chinese Intracranial Atherosclerosis(CICAS) study revealed that low HDL-C level is associated with the development of intracranial artery stenosis in Chinese patients with acute IS (24) . In contrast, the pathogenesis of small-artery occlusion stroke has not been fully clarified, but is considered to be due to nonatherosclerotic arteriopathy, which is mainly caused by hypertension and diabetes (25) . Atherosclerosis Risk in Communities (ARIC) study found that lacunar infarcts caused by the occlusion of small arteries were associated with diabetes or LDL cholesterol (26) . These findings support that AD may cardinally contribute to stroke recurrence in stroke patients of LAA, which could explain our results. Our study indicates stroke patients of LAA subtype may benefit from the combination of fibrate and statin, which was not yet supported by the current evidence from the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study conducted in the stroke patients which were not classified by stroke etiology, however the subgroup analysis of the ACCORD study showed individuals with AD seemed to benefit from the combination (27) . A further meta-analysis also supported that fibrate treatment directed at markers of AD substantially reduced subsequent vascular event risk (14) .
Our study had limitations. First, it was a hospital-based study conducted only in one hospital, the sample size was small, and hospital selective bias was inevitable (28) . As the sample sizes in CE subtype and other subtypes of IS were small, type II error (false negative association between AD and stroke recurrence) might happen due to a lack of statistical power, we still could not determine the relationship between AD and stroke recurrence in CE subtype and other subtypes or conclude whether AD contributed to the recurrence of different stroke subtypes. Second, as Peduzzi et al suggested that the number of outcome events per variable (EPV) = 10 to be most prudent in a proportional hazards regression analysis (29) , the value of EPV in our multivariable Cox proportional regression analysis seemed not high enough to exclude overfitting (overestimation of the true effect), thus a confounding bias related to covariables might still exist despite adjustment. Third, lipid profiles during follow-up period which may influence prognosis were not examined. Fourth, the follow-up was obtained via telephone interview, which could bring inaccuracy comparing to a face-to-face clinic visit. Nevertheless, we tried to minimize such bias with telephone interviews conducted by trained and qualified telephone interviews, and hospitals that admitted patients with recurrent strokes were contacted to verify the diagnosis. Finally, although we classified the subtypes of initial IS, we could not classify the subtypes of recurrent stroke, as the follow-up information was obtained via telephone interview and was not available in the registry.
In conclusion, our study supports that atherogenic dyslipidemia is associated with higher risk of stroke recurrence in patients with ischemic stroke. Such association might be more pronounced in the LAA subtype, but requires further investigation to establish this relationship. Nevertheless, treatment measures to stroke patients with AD, especially those of LAA subtype, might help reduce stroke recurrence rate.
